-independent responses to depolarization might also induce memory-like 41 alterations. It was recently discovered that peripheral axons of nociceptive sensory neurons in 42
Aplysia display long-lasting hyperexcitability triggered by conditioning depolarization in the 43 absence of Ca 2+ entry (using nominally Ca
2+
-free solutions containing EGTA, "0Ca/EGTA") or 44 the absence of detectable Ca 2+ transients (adding BAPTA-AM, "0Ca/EGTA/BAPTA-AM"). The 45 current study reports that depolarization of central ganglia to ~ 0 mV for 2 min in these same 46 solutions induced hyperexcitability lasting > 1 h in sensory neuron processes near their synapses 47 onto motor neurons. Furthermore, conditioning depolarization in these solutions produced a 2.5-48 fold increase in EPSP amplitude 1-3 h afterwards, despite a drop in motor neuron input 49 resistance. Depolarization in 0Ca/EGTA produced long-term potentiation (LTP) of the EPSP 50 lasting at least 1 d without changing postsynaptic input resistance. When re-exposed to 51 extracellular Ca 2+ during synaptic tests, prior exposure to 0Ca/EGTA or to 0Ca/EGTA/BAPTA-52 AM decreased sensory neuron survival. However, differential effects on neuronal health are 53 unlikely to explain the observed potentiation because conditioning depolarization in these 54 solutions did not alter survival rates. These findings suggest that unrecognized Ca completely exchanged by infusion of a volume >10 x the volume of the chamber (1.5 ml) within 131 45 s. Excitatory postsynaptic potentials (EPSPs) were tested before and after exposure of the 132 preparation to 0Ca solutions. EPSPs were tested in a solution (see Fig. 1C 
Electrophysiological measurements 141
Short-term (~15 min) and intermediate-term (1-3 h) hyperexcitability (STH and LTH) of 142 sensory neuron processes within the pedal ganglion neuropil were examined by determining the 143 threshold of action potentials evoked by constant current test pulses passed between a 1.5 mm 144 diameter Pt-Ir electrode, insulated except for the tip, placed underneath the center of the ventral 145 surface of the fully sheathed pedal ganglion and an identical electrode pressed against the dorsal 146 surface, approximately 2 to 3 mm posterior to the root of the pleural-pedal connective. This is 147 near the region occupied by the somata of identified tail motor neurons (Fig.1A , Walters et al. 148 1983) , and includes the region where synapses between tail sensory and tail motor neurons are 149 concentrated (Wainwright et al. 2002; Zhang et al. 2003) . To identify tail sensory neurons, 150 extracellular test stimuli were also applied peripherally to segments of the posterior pedal nerve 151 (p9) approximately 2 cm from the pedal ganglion, using described methods (Weragoda et al. 152 7 series of 5 ms pulses delivered first to the nerve and then across the pedal ganglion, with the 154 evoked action potential monitored by intracellular electrodes in somata in the pleural ganglion 155 (Figs. 1A and 2A,B) . Intracellular recordings from tail sensory neurons and tail motor neurons 156 were made with glass capillary microelectrodes (35 MΩ to 50 MΩ) filled with 3 mM potassium 157 acetate. Neurons were impaled for pretests, the electrodes removed before the washes associated 158 with treatment, and then the same neurons reimpaled for posttests. Motor neurons were impaled 159 with separate electrodes for measuring membrane potential and passing current. EPSP recordings 160 were made in HiDi solution (see above), with the motor neuron manually clamped to -70 mV. In 161 all cases the short-latency (4-8 ms) EPSP associated with the first observed action potential in 162 the sensory neuron was measured. This often occurred during impalement of the sensory neuron 163 (Fig.3A) ; otherwise during injection of 20 ms depolarizing currents into the sensory neuron soma 164 (Fig.3B) , which also provided a measure of the action potential threshold in the soma. Motor 165 neuron input resistance, R in , was tested in HiDi solution with descending series of 1 s current 166 pulses while manually clamped at -70 mV. R in was determined from the linear portion of the 167 resulting V-I curve. 168
169

Data analysis 170
Data are reported as mean ± SEM, with n indicating the number of preparations tested in 171 each condition. Multiple sensory neurons (and in some cases, motor neurons) were usually tested 172 in each preparation and averaged, with the median of the measurements per preparation used as a 173 single data point. Even when the number of cells is also reported, the statistical tests were 174 performed using each preparation, not each cell, as the statistical unit. we tested spike threshold by passing test currents across the pedal ganglion through electrodes 194 placed below and above the tail motor neuron region while recording from sensory neuron 195 somata in the pleural ganglion (Fig.1A) . Because the sensory axons and processes are primarily 196 in the neuropil within the pedal ganglion (e.g., Wainwright et al. 2002) , and the Ca Using 0Ca/EGTA/BAPTA-AM and HiK/0Ca/EGTA/BAPTA-AM solutions, we found that 2 217 min depolarization under conditions of extracellular and probable intracellular Ca 2+ chelation 218 still produced significant STH and ITH of sensory neuron processes within the neuropil (Fig.  219   2D) . In order to compare our results more closely to the effects on peripheral axons reported by 220 in the presence of both intracellular and extracellular Ca 2+ chelators (Fig. 4C ). Both HiK 290 treatment and sham treatment under these conditions tended to decrease R in in the motor neuron 291 (Fig. 4D) , with R in decreasing from pretest to posttest in 5 of 6 motor neurons in the sham-treated 292 preparations (from a mean of 17 to 11 MΩ) and in 4 of 4 motor neurons in the HiK-treated 293 preparations (from a mean of 32 to 12 MΩ). In this synaptic potentiation study we utilized 1-294 tailed, rather than 2-tailed, unpaired t-tests to assess statistical significance, because the 295 directions of change were predicted on the basis of the effects of HiK treatment found in the13 prior study using 0Ca/EGTA solutions (Fig. 3) . As described below, the very high mortality of 297 the sensory neurons treated in 0Ca/EGTA/BAPTA-AM and tested in HiDi solution made it 298 impractical to achieve sample sizes large enough for more conservative statistical tests. Sensory 299 neuron somata surviving after prolonged 0Ca/EGTA/BAPTA-AM exposure were often relatively 300 inexcitable and had reduced action potential amplitudes (see right panels of Fig. 4A,B) . However, 301 no significant differences between HiK and sham groups were found in the resting membrane 302 potentials (RMP) of sensory neuron somata (means for pretest and posttest values, respectively: 303 sham, -38.7 and -36.2 mV, n = 13; HiK, -35.6 and 33.8 mV, n = 7). No significant changes in 304
EPSPs were found between the pretest and posttest in sham-treated preparations. 305 HiK treatment than sham treatment (Fig. 5C) . In contrast to the decrease in motor neuron R in 316 observed in the ITP studies, neither the HiK-treated nor sham-treated preparations showed any 317 significant change in R in when tested the day after treatment (Fig. 5D) The prolonged exposure of neurons to very low Ca 2+ conditions in our experiments --in 329 many cases followed by exposure to elevated Ca 2+ levels (HiDi solution) --may produce cellular 330 stresses that potentially interact with the depolarizing treatment, which in principle might 331 contribute to differences in EPSP amplitude between HiK-treated and sham-treated preparations. 332
306
LTP of sensorimotor synapses that persists for at least a day is induced by depolarization in
To begin to address this question, we compared the survival rates of sensory neurons that had 333 been tested and treated under each of our major experimental conditions. Even under optimal 334 conditions, prolonged or repeated intracellular impalement with a sharp microelectrode will kill 335 some of these sensory neurons (unpublished observations). We found that 43% of sensory 336 neurons bathed in 0Ca/EGTA solution for ~90 min (between the first impalement in the synaptic 337 pretests and the second impalement in posttests, both conducted in HiDi solution) survived 338 through their synaptic posttests, and no significant difference was found between the survival 339 rates of HiK-treated and sham-treated neurons (Fig. 6A, left columns) . In contrast, only 19% of 340 sensory neurons bathed in 0Ca/EGTA/BAPTA-AM (between impalements and synaptic tests 341 conducted in HiDi solution) survived through their posttests while, again, no significant 342 difference was found between the survival rates of HiK-treated and sham-treated neurons (Fig.  343 6A, right columns). The percentage of sensory neurons surviving through their posttests was15 significantly lower in the 0Ca/EGTA/BAPTA-AM groups (HiK and sham, combined) than the 345 groups impaled, tested and treated identically without the addition of BAPTA-AM (Fig. 6A) . 346
This indicates that prolonged intracellular chelation of Ca 2+ increases the death of sensory 347 neurons in these experiments, but that the conditioning HiK treatment has no major effect on 348 survival of sensory neurons bathed for 90 min in either 0Ca/EGTA/BAPTA-AM or just 349 0Ca/EGTA. 350
In the experiments that examined sensory action potential thresholds in the neuropil (Fig. 2) , 351 sensory neurons remained in 0Ca/EGTA or 0Ca/EGTA/BAPTA-AM solution continuously for 352 the duration of the experiment (see Fig. 1B ). They were impaled twice in these "Ca (Fig. 6B) , although the survival rate of HiK-treated sensory neurons in 357 0Ca/EGTA/BAPTA-AM appeared somewhat lower. Comparing the survival rates of sensory 358 neurons treated in 0Ca/EGTA or 0Ca/EGTA/BAPTA-AM but tested in HiDi (Fig. 6A) versus,  359 respectively, neurons treated and tested in either 0Ca/EGTA or 0Ca/EGTA/BAPTA-AM 360 (Fig.6B) , the sensory neurons impaled and tested in HiDi displayed significantly less survival 361 than those impaled and tested in the "0 Ca 2+ " solutions (i.e., comparing the left columns of Fig.  362 6A to those in 6B, and comparing the right columns of Fig. 6A to those in 6B). These differences 363 indicate that prolonged exposure to 0Ca/EGTA or 0Ca/EGTA/BAPTA-AM by itself causes 364 relatively little cell death in the time frame of these experiments; however, re-exposure to high 365 The sites (or site) responsible for these synaptic alterations remain to be determined. 411
Potential postsynaptic contributions to depolarization-induced ITP/LTP do not include increases 412 in input resistance of the motor neuron (Figs. 3D, 4D, 5D ), or increases in its soma excitability 413 have higher mortality rates, these earlier experiments were performed in the continuous presence 437 of 0Ca/EGTA or 0Ca/EGTA/BAPTA-AM. In the present study, experiments on neuropil 438 excitability also showed relatively high rates of sensory neuron survival for at least 60 min after 439
HiK or sham treatment in the continuous presence of 0Ca/EGTA or 0Ca/EGTA/BAPTA-AM 440 (Fig. 6B) of these experiments the survival rates of sensory neurons were significantly lower than those 452 observed when sensory neurons were reimpaled for posttests in 0Ca/EGTA or in 453 0Ca/EGTA/BAPTA-AM solutions that had been continuously present (see Fig. 6 -independent, depolarization-induced plasticity come 466 from our survival observations in the sensory neurons. First, these observations provide 467 independent evidence that BAPTA-AM penetrated the sensory neurons sufficiently to alter 468 cellular function. There was significantly lower survival after 0Ca/EGTA/BAPTA-AM exposure 469 than 0Ca/EGTA exposure (Fig. 6A) , indicating that BAPTA-AM had a biological effect on the 470 sensory neuron, presumably by chelating intracellular Ca sham-treated preparations (Figs. 3,4) . Thus, although Ca 2+ influx through store-operated 494 channels has been suggested to contribute to LTP induction in mammalian hippocampus ( 
